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It i s  nolv kn.ovm t h a t  r e s u l t s  from s t 1 1 d i . s ~  o:f 

c o r r o s i o n  of metal  specimens s e t  ou t  a t  outdoor  exposure 

s i t e s  a r e  d i f f i c u l - t  t o  i n t e r p r e t  u n l e s s  cor responding  

measurements can be made of t h e  l o c a l  varj-a-Lions i n  t h e  

fact -ors  svhich mag cause c o r r g s i o n  r a - t c s  - to  d.if:fer f r o m  

s i t e  t o  s i t e  and  ,::ith i;i.me. ICechniques have beer, 2v3il.abl-e 

:€or rr~ezsurznlent of sulphv.r Cioxide l e v e l s ,  and t h e  1) iv i s ion  

!:as r e g u l a r l y  rnacie such d ~ % ? ~ m i . ~ . ; ~ ~ t i o n s  at the e i z l i t  exposure 

s i t e s  v$lnj.ch it mnintai,.ns ;?cross  Cana:J~.. TvTore r e c e n t l y  

i n s t r u n e n t a t i o n  lias b ~ c t n  developed f o r  t h e  determi-na % i o n  

(1 -1- of t;irnu of vretne 7 s .  ., l,)rios.phr?-ric c h l o r i d e s  have Lon: been 

-i ;ho~~.~ht:  :;TI b c  important i n  in:i 'li~t?noi.n,~ c o r r o s i o n  rate:; b u t  

-i;echriqu?s su:itab3.e Tor t h e i r  meas~~rcmen t  a t  c o r r o s i o ~ i  s i - t e s  

linvc-: no t  bee3 ~ v a i l a b l c .  Tht? yroposa l  from 'the ?$ova Sco-Li.a 

Research Povn(jation t o  invest i{ ;s te  p o s s i b l e  - techniques was 

t h e r e f  o r e  ~:~~elcomed. The 1Ti-be~a t~ l re  survey  2nd 'c 'ield ex'per?. - 

tnents c a r r i e d  ou t  i n  1955-56 ve re  recorded i_.n I!L?'R Report No. 

122. The second. r - e ~ j ~ r - t  on t h i s  v\rorl.; :i-s nox 21-eaenteil. The 

a u t h o r ,  D r .  Ti. R. Foran :is .?rofessor o f  C h e ~ i i c a l  I z n ~ i n e e r i n g  

a-t IJovtl Scot-ia Tec1-dl.ic3l Col leee .  

B. l3. Hu.-tcheon 

1~ss i s tan- t  D i r e c t o r  



The i':eas7;.rement of Btlnosphcric  Z?l!.orii?es 

by 

M. R. P o r s n  

I n  t h e  S p r i n ~  o f  1956 t h e  Nova S c o t i a  Resea rch  

Foundat ion  ar i-angcd wi.th ?;he Il ivj .sion of  B u i l d i n g  Research  

o f  t h s  l a a t i o n s 1  Research  C o u n c i l  -to have a slvxrner r e s e a r c h  

s tuc lent  i - n v c s - t i p t ; e  some of  t h e  me-bhods irrliich might  b e  used 

t o  d . e t snn ine  t h e  s a l t  c o n t e n t  of %he a i r  a t  c o r r o s i o ~ l  s i t e s  

where n o  e?.ect-rj.cal power 1~3 s availa7cl.e and. 71~2lere t h e r e  v:a ,s 

n o  cont;inv.ous s i ~ p e r v j . s i o n .  

R s i ~ ~ . v e ; r  of  - the 1 i t e r z . t u r e  d i d  n o t  r e v e a l  a n y  con- 

c l u s i v e  fact; :about th .c  s i z e  of t h e  :3c71_t pa3:ttcle 17~liich must 

be  measured i n  o ~ d 5 r  -Lo r e l - a t e  %he c o r r o s i o n  of  m e t a l s  t o  t l ie  

s a l t  c o n t e n t  o f  -l-hc: air. A ;:cncral discuss.i .on o r  t h e  v a r i o u s  

methods can  be r l ' o ~ ~ n ~ l  i n  T n t e ~ m l  ;??;30?:~-i; Tdo. 7-22 oC -thr. D i v i s i o n  

of 2 u i l d i n :  Resc27c.b. 

The r e s u l t s  presenteci i.n - t?? is  r e y o ~ t  a r e  t h o s e  ob- 

t a i n e d  by t h e  ".:iet Cand.lel' and. t h e  " l k d i n f a l l  Can" methods , 

v ~ h i c h  a r e  d e s c r i b e d .  

;',let Candle i . ' c  thod. ---- 

Yllc :yet c c n d l e  s were ? r e p a r e d  b y  ~.*!ran??in~ t h r e e  

s t r i p s  of  No. 2 Gauze Fandace a b o u t  20 i n .  l o n g ,  folclei? a l o n ~  

3 i t s  l e n g t h  nround t h s t  ; > o r t i o n  o f  a n  i n v ~ r t e d  5%-in .  t e s t  t u b e  

protrv.d.in6 above a r1.1bbnr s t o p n c r  ~xrhic!? c l o s e d  a 500-ml wide-  

mouth f lns l c  o~ ? 1 6 - 0 s  yr)l.:rl?-l;!?;:lene b o t t l e .  Any c h l o r i d s  i n  

t h ?  ~ : ? I I z ~  22:-?d ' 2~211 r:3?ao.crb-.3 ?reviousl. : i  17;. hoil_i.n<y lin d . i s t i l l e r3 .  

~ v ~ t c r .  !ii?.le cnrls of  tl?.e gauze d ipped  i n t o  a 20 per cent 
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g lycer ine  sc\ lvt ion vhich y-evm-tod excessi.vs evaporat ion,  blat 

not  expansion, during severe f reez ing .  

Ra in fa l l  Can Method - 

The ra inwater  pias co l l e c t ed  j.n 2. ? -ga l .  h1u.e polyethy- 

lene  conta iners  f i t t e d  with 6- in ,  diameter cy l inders  which 

projec ted  upwards. These lJ1ere used because t h e  s t sndard  b lack  

r a i n f a l l  cy l inders  were not  a v a i l a b l e  when t h e  t e s t s  ir,J\rgre begun. 

Three con ta ine r s  were secure ly  f i xed  about one f o o t  a p a r t  on a 

wooden plank. The exposure arrangement a t  York Red.oubt i s  

shovrn i n  Fig. I, 

The data  rvere collec-ted over t h e  per iod ,  August 1958 

t o  Apr i l  1960, TWO s i t e s  were chosen.: York Redoubt, about 

7 miles from Hal i fax  and considered r u r a l ;  and t h e  roof of 

t h e  Maccionald Cuilding a t  Nova Scot ia  ~ e c h n i c a l  College, an 

urban loca t ion .  i i e s ~ ~ l t s  a r e  an average of determinat ions on 

t h r ee  !vet candles and t h r e e  r a i n f s l l  cans a t  each s i t e .  

Data co l l ec ted  a t  these  s i t e s  and o the r s  have been 

repor ted  ~n-eviously b j  Foran, Gibbons anci !?ell ington ( 1). 

Ob j ec t  - 
The objec t  of t h i s  r epo r t  i s  a) t o  present  t h e  

r e s u l t s  col lected.  a t  t h e  tvro s i t e s  me3tioned above; and b )  t o  

compare t h e  r e s u l t s  obtained by t h e  r a i n f a l l  can and. wet candle 

methods i n  order  t o  find. a poss ib le  co r r e l a t i on .  

Ana ly t i ca l  ?Jethods 

The liqutd. con-tents of each wet candle flask a r e  

t r a n s f e r r ed  -to a or12 l i ' t r e  beaker. The gauze i s  removed 
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s e p a r a t e l y  and. placed i n  a 600 r n l  beaker  and. i t s  c h l o r i d e  

con ten t  i s  removed b y  l e a c h i n s  -th.ree ti-mea lvith b o i l i n g  

d i s t i l l e d  water .  The leached  c h l o r i d e  obtained i n  t h i s  way 

i s  added t o  t h e  main s o l u t i o n .  The t e s t  tube  and c o n t a i n e r  

a r e  a l s o  r i n s e d  thorough1.y lvi.tl.1 h o t  \vater ,  and t h e  r i n s e  

wa te r  added t o  t h e  main s o l u t i o n .  

Thc? main so11.1tion 5s  t h e n  concent ra ted  by evapora- 

t i o n  t o  a volime o:f' 200 m l .  The s o l u t i o n  i s  t h e n  f i l t e r e d ,  

and t h e  h o t  f j . l t ra i ;e  i s  t r e a t e d .  : v i t h  5 n l  permanganate s o l u t i o n  

t o  ox id i ze  impur i t i e s .  The s o l u t i o n  i s  hqnted f u r t h e r  u n t i l  

t h e  bro1?nl precri-pitate of hyd.rateci manganese d iox ide  coagu la t e s  

and i s  f i l t e r e d  t o  remove t h e  7 r e c i p i t a t e .  

The f t l t m t e  s o  obtained. sho11.1d be c l e a r  and have a 

vol~~rne  of about 250 ml. Any : , r e l l o ~ ~  co1ou.r p r e s e n t  may have 

been t h e  r e su i - t  of clecomposition of t h e  g l y c e r i n e  due t o  

excess ive  h e a t i n g  ani?/or concen-tm-Lion of t h e  s o l u t i o n  d u r j . 9 ~  

evapora t ion .  Such co1ou.r maSr be removed by t h e  ad.di t ion of 

0..5 gm of a c t i v a t e d  c h a r c o ~ ~ l  ( c h l o r i d e  f r e e )  fol lowed by 

s t - i r r i n g  and. f i l t e r i n g .  ii blank  s o l u t i o n  should be prepared 

by mixins 70 ml ~1.:rcerine :?rith 180 ml- water .  

The c h l o r i d e  con ten t s  of bo th  sample and b lank  are 

riet-ermined b ; ~  -5he Molir method, u s i n g  a ci.ilute s o l u t i o n  of 

s i l v e r  n i t r a t e  a s  t i t r a n t - .  (One m l  of AgKO- should. be equiva- 
3 

len-l; - t o  tzbo~lt; 1 mg NaC1. ) 

Ten m i l l . i l i t r e s  of a 5 p e r  c e n t  s o l u t i o n  of potassium 

chromate, IC2i2Cr04., e r e  used a R i nd i - ca to r  f o r  each sample. We 

silvi.:k- n i t r s i ; ~ :  i s  ;p re fe rab ly  sri4ecJ f r o m  a 10 ml. b u r e t t e ,  

+ 
c 3 l i b r a t e d  t o  - 0.05 ml.. In t i t m t i n ~  t h e  b lank  s o l u t i o n ,  



care  i s  exercised t o  ens1ne t h a t  t h e  sane colour  i s  obtained 

a t  t h e  end point  a s  f o r  t h e  sample. 'The blank read inc  i s  

deducted from the  amount of AgBO, requi red  f o r  each sample, 
2 

2nd- t h e  wei,yhts of sodium chlor ide  a r e  then ca lcu l s t ed  from 

t h e  correc ted  quantities of t h e  AgITO- so lu t i on  requi red ,  
3 

Yhc r a i n f a l l  cans were r insed  with d i s t i l l e d  water ,  

the  water evaporated t o  750 rnl and t he  t i- tration:;  c a r r i ed  out 

i n  the  manner out l ined  above. 

Resul ts  

The r e s u l t s  of t h e  t e s t s  a r e  sho7?n i n  Tables I and 

I Iand  Figs.  Nos. 2 ,  3 ,  4 ,  5, 6 ,  7. 

I n  Pigs. 2 and 3  t h e  r e s u l t s  obtained by t he  r a i n f a l l  

can and. we-t; candle methocis along with t h e  t o t a l  p r e c i p i t a t i o n  

a s  reported. by t h e  Ealj-fax ?lea-ther Off i c e  ,- of t he  T~~!eteorological 

Service of Canada, a r e  pl-otted. aga ins t  t h e  months of t h e  year.  

I n  Pigs,  4 and 5 t h e  readinzs  obtained by t h e  wet candle method 

a r e  plotted.  aga ins t  those from t h e  r a i n f a l l  can method. f o r  each 



TABLE I 

ATMOSPHERIC CHLORIDE AT YORK REDOUBT 

Wet Candles  

(w  ~ a C ! l / i n ~ t r e '  dag)  

-- 

13 .0  

48.0 

26.0 

57.0 

- 

57.0 

68 .0  

lOC).OO 

38.0 

I? .o 

21.40 

1'7.16 

6.36 

15.75 

51.19 

71.47 

30.95 

2 5 . 5 ~  

60.01 

15.53 

?C;. 75 

1 

Year - 

1958 

1959 

1-960 

Month 

August 

September 

October  

Novenber 

December 

J m u a r y  

Fekma r y  

T1[arnli 

Apri l  

TlT2 ;r 

June  

J u l ?  

! ~ u g u ~ - t  

September 

O c - t  ob c r 

Wovcmbr?r 

Eecember 

J a n u a r y  

F e b r u n r ~ r  

TTarr,l\ 

A ~ r i l .  

l i a i n f a l l  Cans - 

(mg i.laCl/metre2 day)  

8.02 

23.94 

12.09 

30.36 

24.52 

24.30 

1 0 . 5 1  

c5.77 

11.79 

- 

30.5'; 

15.96 

4-59 

- 

- 

- 

- 

- 

- 

- 

- 



TABLE I1 

ATMOSPHERIC CHLORIDE AT  THE NOVA SCOTIA 

TECHBICAL COLLEGE 

The p l o t  o f  r e i n f a l l  can readings  a g a i n s t  wet candle  

r e s u l t s  a t  York Redoubt ( ~ i g .  4) seems t o  i n d i c a t e  a d u e f i n i t e  

c o r r e l a t i o n .  The l i n e  shovm was c a l . c ~ ~ l a t e d  by t h e  method of 

l e 3 s t  squ.ares and. i t s  equ.atton was found t o  be 

Y = 1.02 x + 16.0 

l.vhere 

Y = n e t  candle  readj-ng (rns ~ a ~ l / r n e t r e '  day)  

Year - 

1958 

1353 

??aj.nfall Cans -- 

(mg ~ a ~ l . / m e t r e ~  Bay)  

8.0 

l8,T 

1 6 . 9  

17.2 

16.5 

20.1 

16.0 

76.3 

71.2 

.- 75.3 

4-1.6 

27.5 

?,tonth 

flugu.st 

September 

Gctober 

I?ovemhcr 

December 

Jaliu.ars 

Feb r-d.3 r;; 

TaiIarch 

A p r i l  

Mey 

June  

J u l y  

:Yet Candles .-. 

(mg ~ a ~ l / r n e t r o ~  day) 

16.0 

41.0 

29.0 

32.0 

32.0 

31.0 

72.0 

11.1 

35.0 

34.0 

29.9 

20.0 



Z x = rgi.rf?!.I. car1 rear1-i.n~ (m{; ??af:l,/rnetre d a y )  

T!IF p o s i t i v e  i n t e r c e p t  gn -Lhs :vet - c a n d l e  a x i s  a p p e a r s  

t o  be r e a s o n ~ b l e  because  Y9.2 l .~ot;  c a n d l e  i s  contir?ual.l;r c o l l - c c t -  

i n g  c h l o r i d e  on i t s  m ~ l s t  s u r f a c e  w h i l e  tihe m i n f a l l  c a n  o q l ~ r  

c o l l e c t s  t h o s e  chl.oriilc? p a r t i c l e s  which f z l l  i n t o  t h e  open- in^ 

d u r i n g  a s e d i m e n t a t i o n  p r o c e s s  p l u s  33,;: c h l o r i d e  washed. o u t  

of t h e  a i r  by raj-n.  The wet c a n d l e s  s t s j ~  r~?!.at; ively c l e a n  in .  

a r u r a l  l o c a t i o i ?  gncl th.e de tc rmin8  t ion. or? t h e  chlorid.2 c o n t e n t  

of t h e  s o l u t i o c  i s  made e a s i e r  b:,r -the a b s e n c e  of  d i r t .  There 

was c o n s i r l e r a b l e  varj.3 t i o n  b etl!.,rr-.en t h e  r e s u l t s  on ind.ivi6v.a 1 

samples  because  o n l ~  a fw: mil- l igrams o f  c l l l o r i d e  a r e  c o l l e c t e d  

i n  a month and c h 1 o ~ i d . e - f r e e  conciitj-or,s a r e  d i r f i c u l t  t o  main- 

tar in d u r i n g  handl inf ; .  I t  i s  b e l i c v e d  th.a-t a b o u t  t e n  s a x . p l e ~  

s h o u l d  bc Galcen at; e a c h  l o c a t i o n  and t h e  sampl ing  dev j -ces  

shoul(1 be  1,vell d i s_ner sed  on t h e  s i t e s .  T h e  ann1::tlcal method 

c o u l d  be  improved b u t  i n  o r d e r  t o  have  c o n s i s t e n t  r e s u l t - s  i n  

this s t u d y  t h2  same rnetliod was v.ssd 011 b o t h  wet  c a n d l e  and 

r a i n f a l l  c a n  so1v:tions. 

1 1  Tr,c r a i z f a l . 1  c3n j.s t h e  e a s i e s t  method o f  g e t - t i n z  

some ind. ic3t j .on o f  t h e  c h l o r i d e  c o n t e n t  of the a i r  S u t  it i s  

v e r y  e r r a t i c  i n  i t s  samyl ing .  It i s  n o t  suited. t o  a r i d  

c o n d . i t i o n s  a s  r ins inz  a d.ry czn  v:j.th d is t - i l lec!  vrnter i s  

d i P f  icv.1-l- a ~ d  g t v e s  unsa-tisf acdor:: 1-esul-bs . ' i2z infe l l  canz  

f r c e z e  s o l i d  i n  sub-ze ro  v e a - l - l ~ . e ~  and. they a r e  o f  doub-bful 

v z l u e  rvhen t h e  p r e a i . p i t ~ ~ t j . o n .  i s  i n  -the T o r n  o f  snoLn,r. Tlla 

d i r t  and soot; c o l l e c t e d  i n  urban l o c a t i o n s  rnalies t h e  deteyinina-  

t i 0 2  of  c'illorj_dc r z t h e r  c i i f f i c v . l t .  
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York :i3sdoubt i s  an ex.:losetl l o c a t i o n  on a c l i f f  

about  100 ft  above t h e  ocean and 300 f t  back from t h e  shore .  

y e t  candle  read-ings a t  t h i s  s i t e  appea r  t o  be i n f luenced  by 

s t r o n z  wave ac t to l l  on t h e  shore .  :.:iinds from t h e  n o r t h ,  e a s t  

and s o u t h  could. c a r r y  f i n e  sea  sp ray  o r  d i s p ~ r s e d  sea s a l - t  

p a s t  t h e  wet candles .  %arch  1959 1,vas a very windy  month w i t h .  

th . ree  pe r iods  of f ;ale-f  o rce  tvincls and tvr-1-ve days  of s t r o n g  

wind s from seaward d i rcc- t  i ons .  These c o n d i t i o n s  a r e  r e f l e c t e d  

i n  t h e  v e r y   hi$^ chloricle r ead ings .  Fi,yure 6 i s  a  h y - t h e r ~ r a p h  

f o r  t h e  per iod  coverecl. b;r t h i s  rc2orl;  and it shows o ~ l y  one 

mon-th vb.ein. -the p r e v a i l i n g  ~~,!in:l d i r e c t i o n  was n o t  f avourab le  

f o r  carr;ring c h l o r i d e  over  t h e  s i t e .  This  hykhersraph ~ ~ ~ ~ r a s  

prepared frorn dnta  supplietl  b y  t h e  I-Ialifnx '4eatlner Off i c e  2nd. 

c o l l e c t e d  b;r i t : ;  s t a f f  i n  9 2 l i f a x  and D n r f ? ~ o u t h  about  seven 

and terr m i l e s ,  respectively, f roin York Red.oub-t . 

iis can bc sec.n f r n r n  -7s.g. 2 t h e r e  a;~pe-7rs t o  Fe -'1 

n 7  ,2u~aiema-t ic  r. - rc l . a t ion  bet1;veen -Lhc avera,ye r a i n f a l l  and. t h e  zmount 

of c h l o r i d e  c o l l  ectecl. a t  Yorl: Red ov,bt clv.ring a  one month per iod .  

This  i s  p a r t i c u l a r l y  n o t i c ~ a b l i .  !;ihen thc. chl.oric1e i s  measured 

by t h e  r a j - n f a l l  can. method-. ?'he corre la- t ion.  i s  shown i n  15-3. 7.  

ri'hi.s c o r r e l a t i o n  annears  t a  7;e abeen-t i n  a n  urban l o c a t i o n  

(F ig . ? )  !.here t h e  c h l o r i d e  i s  probably r e l a t e d  t o  t h e  consump- 

t i o n  of f u e l  and where i n o r c a n i c  and or::;anic grime and s o o t  

i n t e r f e r e  :.'~i-th t h e  an? l y g i s  f o r  c h l o r i d e .  ? l eg l zc t j . r ,~  -the 7;iarch 

1959 read.ing,  a l i n e  may be dra::m through t h e  remaining poLn-ts 

by t h e  metho4 of l e z s t  squa re s  -to g ive :  

lr = ;%.62:< 1- 2.65 



Y = chlorii!e (m.; !i~Cl.\metre" d a y )  

-7 = t o t a l  p r e c i > i t a t i o n  ( i n . )  ..L 

Thcr? 8y;xs.sl.s t o  he lit-L1.e c o r r e l a t i o n  betiwen t h e  

chloricie col l .ec ted 13:. the  y e t  can(i1es and. <;he amoi.~.nt o f  m i n .  

This  i s  t o  h c  expected s i n c e  t h e  candle:; a r e  kep t  under s roof 

and r e c e i v e  t h e i r  c .h lor ide  from the air nhich  c o n t a c t s  them. 

The prcseiice of s o o t  and. crime on t h e  wet cand le s  l e a d s  t o  Io~A~ 

v a l u e s  f o r  t h e  c h l o r i d e .  

Some p-e l iminary  t e s t s  on %he use of d r y  cand le s  

made of f i l t e r  paper  have been made b u t  t h e  amount of c h l o r i d e  

co l . l ec ted  vias much sna l - l e r  t h a n  wi.-Lh 7!et cand le s ,  These d.ry 

canclles h a ~ r e  a l l  t h e  der;iral!le p h y s i c a l  c h a r a c t e r i s t i c s  of  

t h e  lead  peroxido c y l i n d e r s  ~ s e d  f o r  sulpliur  d.ioxidc determina-  

t i o n s  and if -Lhe problems of r e l i a b l e  e x t r a c t i o n  and a c c u r n t e  

anal-ys is  o f  t l ic smal l  a ~ n o ~ u ~ t  o r  chlori-<'e which t h e y  co l . l ec t  

can  be so lved  t h e y  rfiight be u s e f u l  a s  a sene rn1  metho(1 a t  a l l  

-the o r ~ t d o o r  exposure s j . t e s  of t h e  TTati.onal Research Council .  

Conclusions 

1 3 0 t h  v ~ e t  c:?nd.les and. r a r i n f a l l  cans have s e r i o u s  l i m i -  

t a t i o n s  2 s  :;enn.~al me-thocis f o r  -the measurement of 3tr~osp!1eric 

chl.orj.<3.es ~ . l .~r ler  cl.imzt;5.e condi-Lions rangin=; f  rorn -60°1?to 100°F 

and froin h i g h  r a i . z f a l l  t o  a r i d .  

2. It appears t o  5 e  p o s s i b l e  'Lo r e l - z t e  t h e  c h l o r i d e  a s  

rneasured by the v~e-t cand.1-c m~thocl t o  th:?t (3.eterlniped from r a i n -  

1":311. cans  i n  t 5 e  ~ b s e r i c c  of apprecisbl-e  amounts of d i r t  a n i i  
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3 .  The ch lo r ide  content  of t h e  a i r  i n  seas ide  Locations 

appears t o  be more c lo se l y  r e l a t e d  t o  wave a c t i o n  and wind 

d i r e c t i o n  than  t o  t h e  t o t a l  r a i n f a l l .  
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Figure 1 Arrangement of Rainfal l  Cans and Wet Candles 

a t  York Redoubt 
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